The fruit of the Alcobaca landrace of tomato (Lycopersicon esculentum Mill.) have prolonged keeping qualities (determined by the allele aic) and contain three times as much putrescine as the standard Rutgers variety (Aic) The fruit of Alcobaca landrace of tomato (Lycopersicon esculentum Mill.) ripen more slowly than the standard commercial varieties and if picked ripe they can be kept four times longer (9). The delayed overripening feature is conferred by a single recessive gene a/c, whose inheritance, linkage, and effects on ripening-related mRNAs have been described (8, 10) .
PJ Davies, MA Mutschler [1988] Plant Physiol 86: 338-340). Polyamine metabolism and biosynthesis were compared in fruit from Rutgers and Rutgers-akc-a near isogenic line possessing the allele akc, at four different stages of ripening. The levels of soluble polyamine conjugates as well as wall bound polyamines in the pericarp tissue and jelly were very low or nondetectable in both genotypes. The increase in putrescine content in ak pericarp is not related to normal ripening as it occurred with time and whether or not the fruit ripened. Pericarp discs of both normal and aic fruit showed a decrease in the metabolism of [1,4-14C] putrescine and [terminal labeled-3H]spermidine with ripening, but there were no significant differences between the two genotypes. The activity of ornithine decarboxylase was similar in the fruit pericarp of the two lines. Arginine decarboxylase activity decreased during ripening in Rutgers but decreased and rose again in Rutgers-akc fruit, and as a result it was significantly higher in aic fruit than in the normal fruit at the ripe stage. The elevated putrescine levels in alc fruit appear, therefore, to be due to an increase in the activity of arginine decarboxylase.
The fruit of Alcobaca landrace of tomato (Lycopersicon esculentum Mill.) ripen more slowly than the standard commercial varieties and if picked ripe they can be kept four times longer (9) . The delayed overripening feature is conferred by a single recessive gene a/c, whose inheritance, linkage, and effects on ripening-related mRNAs have been described (8, 10) .
In an earlier paper (3), we reported on the levels of free PAs3 in the fruit pericarp tissues of Alcobaca (alc), its spontaneous revertant Alcobaca-red, and the standard variety Rut- ' 
Spd
The metabolism of Ptc and Spd was studied in the fruit pericarp discs of Rutgers and Rutgers-alc at four different stages of ripening. The pericarp discs were treated with the radioactive PAs for 24 h, and the metabolites purified by HPLC as described previously (1 1 (3) . In the jelly, free PA levels were comparable to that in the pericarp, and like the pericarp Ptc was the predominant free amine (Table I) . Further, free Ptc levels in the jelly of alc fruit were about twofold higher than that of Alc at ripe stage (data not shown). The levels of soluble PA-conjugates and wall bound PAs were very low or nondetectable in both the pericarp and jelly (Table I ) and did not show any correlation with changes in free PA titers in these tissues. In the seed, Spd was the major soluble PA in contrast to pericarp and jelly, and wall bound Ptc was the main PA form in the seed (Table  I) The alc fruit possess an unusual feature in that if picked mature green they will ripen only in the light, while normal fruit (Alc) will ripen from the mature green stage both in light and in dark. In darkness the alc fruit, however, retain their long shelf life characteristics. In order to determine whether the increase in the Ptc titer is related to ripening or occurs with time regardless of the ripening process, free PA contents were analyzed in the fruit of a/c and A/c lines stored in light and in dark (Table II) . Under the two conditions, the alc fruit did not show any appreciable difference in Ptc content although, in both light and dark, they contained significantly higher Ptc levels than the normal fruit (Table II (15) . In contrast to the soluble PA conjugates, wall bound PAs were not detected in the tomato pericarp tissues and jelly (Table I ). In the seed, however, wall bound Ptc was the major PA form (Table I) , and it is possible that bound Ptc is one of the nitrogen storage forms in the seed.
In an earlier paper, we characterized the pathways of Ptc and Spd metabolism in tomato fruit, and showed that the pericarp tissues (breaker stage) metabolize Ptc into Spd and GABA, which is further catabolized to Glu and sugars and organic acids (1 1). Spermidine, however, is retroconverted to Ptc together with the production of f-alanine (1 1 In plants, the metabolism of PAs has been studied only in a few systems ( 11) and studies in relation to development are rare. Kumar The alternative explanation for the enhanced Ptc levels in alc fruit is an increase in Ptc synthesis. In plants, Ptc can be synthesized either from arginine or ornithine by ADC or ODC, respectively. During particular stages of growth and development in a given plant, changes in the activity of either ADC or ODC appear to regulate Ptc synthesis. In nondividing mature tissues and organs, in somatic embryogenesis in carrot, and in stress, ADC appears to be the primary enzyme for Ptc synthesis, whereas in dividing cells and meristematic and reproductive tissues ODC seems to correlate with changes in PA levels (4, 16, 17) . During fruit development in tobacco (15) , avocado (6) , and during early stages in tomato (2) synthesis of Ptc from ornithine is the main pathway. In the later stages of tomato fruit development, however, ADC activity was higher than that of ODC (18) .
We, therefore, measured the activities of both ADC and ODC through the final stages of fruit maturation and ripening in Rutgers and Rutgers-alc. ODC activity was not significantly different in the two varieties whereas ADC activity correlated with changes in Ptc levels during fruit ripening in alc. Therefore, the increase in Ptc levels in alc fruit can be attributed to the increase in ADC activity (Table V) . This correlation of ADC activity with increased Ptc levels in ripe alc fruit is consistent with the earlier discussed proposed role of ADC in Ptc synthesis in mature and nondividing tissues, since the tomato fruit at the immature green stage has attained the maximum size with little or no cell division occurring at the later stages. Though the recorded level of ODC was greater than ADC this does not necessarily represent the comparative activities ofthese two enzymes in the fruit tissue. The enzyme assays were performed at saturating levels of substrate (15) (which were 5 times greater for ornithine than arginine), while in the fruit the enzyme activity may be partly regulated by the substrate concentration, which could be higher for arginine than for ornithine.
The alc fruit also show a decreased production of ethylene (9) in addition to increased Ptc levels. Saftner and Baldi (14) made similar observations in another long-keeping variety of tomato. Putrescine and PAs have been shown to inhibit ethylene production in many cases (1, 12) , including tomato pericarp ( 13) , and PAs delay senescence in many tissues ( 17) . In view of the above, it is possible that the elevated Ptc levels are related to reduced ethylene production and slower ripening of alc fruit. It is, however, also possible that increased Ptc levels are simply the manifestation of slower ripening. The relationship of ethylene and PA metabolism in the regulation of fruit ripening in tomato is not clear but may be of some significance.
In conclusion, the delayed ripening and long-keeping features of the fruit of alc and other similar tomato genotypes are correlated with an increase in Ptc levels in ripe fruit. This occurs in free Ptc titers only and appears to be an age related phenomenon as the increase in Ptc levels takes place in alc whether or not the fruit ripen, a process which in alc is light dependent. Finally, the elevated Ptc levels in alc fruit are not due to changes in PA conjugation or metabolism, but are due to an increase in ADC activity which occurred concomitantly with the rise in Ptc levels.
